Abstract-The next generation wireless networks will support the vertical handoff mechanism in which users can maintain the connections when they switch from one network to another (e.g., from IEEE 802.11b to CDMA lxRTT network, and vice versa). Although various vertical handoff decision algorithms have been proposed in the literature recently, there is a lack of performance comparisons between different schemes. In this paper, we compare the performance between four vertical handoff decision algorithms, namely, MEW (Multiplicative Exponent Weighting),
I. INTRODUCTION
Currently, there are various wireless access networks deployed. Examples include wireless cellular networks, WLANs (Wireless Local Area Networks), and wireless PANs (Personal Area Networks). There is an emerging trend that some of the mobile devices are equipped with multiple network interface cards, which are capable of connecting to different wireless access networks. Users with multimedia-enabled wireless devices are expected to obtain both real-time services (e.g., voice, video conferencing), and non-real time services (e.g., Simple Message Service (SMS), Multimedia Message Service (MMS)).
The next generation wireless networks will provide a service which allows a user to launch multimedia Internet applications anywhere at any time from diverse networks over an IP (Internet Protocol) backbone. It is foreseeable that users may want to maintain the connections when they switch from one network to another (e.g., from IEEE 802.1 lb to CDMA fxRTT network, and vice versa). This is known as vertical handoff.
Vertical handoff is different from conventional horizontal handoff where the mobile devices move from one base station to another within the same network.
Within the 3GPP (Third Generation Partnership Project) and 3GPP2 standardization groups, there are proposals describing the interconnection requirements between 3GPP systems and WLANs [1] , [2] . Within There are several challenging issues on vertical handoff support [4] . The vertical handoff decision may depend on the bandwidth available for each wireless access network, the ISP (Internet Service Provider) charge for the network connection, the power usage requirements, and the current battery status of the mobile device. The vertical handoff operation should provide authentication of the mobile users, incur a low control overhead, and maintain the connections such that packet loss and transfer delay are minimized.
In general, the vertical handoff process can be divided into [5] . The QoS parameters (e.g., bandwidth, delay bound) are specified by the applications. The information of different handoff metrics are gathered during the system discovery phase. Fig. 1 shows various handoff metrics and traffic classes (e.g., conversational, streaming, interactive, background). The handoff metrics and QoS parameters are categorized under different groups (e.g., bandwidth, latency, power, price, security, reliability, availability).
Various vertical handoff decision mechanisms have been proposed recently. In [7] , the handoff decision mechanism is formulated as an optimization problem. Each candidate network is associated with a cost function. The decision is to select the network which has the lowest cost value. The cost function depends on a number of criteria, including the bandwidth, delay and power requirement. Appropriate weight factor is assigned to each criterion to account for its importance. In [8] , an Active Application Oriented (AOO) vertical handoff decision mechanism is proposed. The decision mechanism considers the QoS parameters required for the applications (e.g., minimum and maximum bandwidth requirement for voice service). Each candidate network is associated with a utility function. The chosen network is the one which provides the highest utility value. The utilization function is a weighted sum of various normalized QoS parameters.
In the following sub-section, we discuss the vertical handoff decision algorithms which are being used in our performance (1) where is the number of parameters, and Mi denotes the number of candidate networks.
In TOPSIS, the selected candidate network is the one which is the closest to the ideal solution (and the farthest from the worst case solution). The ideal solution is obtained by using the best values for each metric. Let c, denote the relative closeness (or similarity) of the candidate network i to the ideal solution. The selected network ATOP is: For the bandwidth vector, we have, network 1 (UMTS) with [32, 64, 128, 256, 512, 1024, 2048] [190, 160, 130, 100, 70, 40, 10] ms; network 2 with [185, 160, 135, 110, 85, 60, 35, 10] Table I . The weights determined by using the eigenvector method are shown in Table II. A. Results  Fig. 2 shows the average bandwidth allocated to each traffic class under different vertical handoff decision algorithms. The mean value is obtained by averaging the values from 1000 connections. Results from Fig. 2 (a) show that the conversational traffic class receives approximately the same amount of bandwidth when any one of the four handoff decision algorithms is being used. This can also be observed for the streaming traffic class (see Fig 2 (b) ) The interactive the weight of BER increases, eventually all four algorithms select network 4 which has the lowest BER value. importance weights assigned to the parameters. For future work, we plan to investigate other techniques (besides AHP) for the determination of the weight values. We will also consider the vertical handoff execution procedures. ACKNOWLEDGMENT This work was supported by Programa de Mejoramiento del Profesorado (PROMEP) from Mexico and Bell Canada.
